Handroanthus heptaphyllus (botany synonymy Tabebuia heptaphylla) is considered to have very important economical, ornamental and medicinal value. It is included in the Bignoniaceae botanical family, whose multiplication is quite solely carried by seeds. Forest dispersion elements, i.e., the seeds, deserve a deep understanding on their physiological performance. The objective of this research work was to determine the optimum seed moisture content for laser interaction in biospeckle tests, which is based on laser interferometry. Seeds were hydrated to the level of 69% and then divided into four subsamples, i.e., (1) seeds without teguments, (2) seeds with tegument, (3) seeds without teguments frozen at 0 °C and (4) seeds with teguments frozen at 0 °C. The four subsamples were then separated into five moisture level groups (28%, 35%, 54%, 63% and 69%) and exposed to the laser. The biospeckle phenomenon quantification was carried out by means of the moment of inertia (MI) approach. A positive correlation between MI and seed moisture content was obtained. It was also verified that seed moisture content between 28% and 54% showed better interaction with the laser. The results are important for the application of the biospeckle technique as a possible tool to assess the quality of purple ipê seeds.
Introduction


New methods of seed analysis have been discussed as novel proposals for research topics [1, 2] . Nuclear magnetic resonance, near-infrared hyperspectral imaging, X-ray analysis and response to light stimuli are included among these scientific reports to assess the seed quality and viability [3] [4] [5] [6] [7] . Optical methods applied to the analysis of biological materials, which are based on artificial vision or machine vision and image processing techniques, should be mentioned as well. A new technique called biospeckle or dynamic speckle has also been highlighted among the optical Corresponding author: Juliana Aparecida Fracarolli, professor, research field: postharvest technology. methods, which is related to an optical interference phenomenon capable of carrying information about material exposed to a coherent light source. Based on research on biological materials, specifically on seeds, there are now well-defined methodologies for measuring and quantifying the above referred phenomenon in laboratory condition. The main features of the proposed test are associated to its non-destructive character, non-subjectivity and automation capability. Although there are many optical techniques that can be used with automation capability, the proposed technique in this research work is biospeckle, whose physical principle is the interference phenomenon that occurs when a coherent [9] [10] [11] [12] , frequency responses and absolute value of the differences (AVD) [13] , normalization of co-occurrence matrix [14] . Recently, cross-correlation coefficient has been used for the analysis of fruit quality [15, 16] .
The purple ipê (Handroanthus heptaphyllus) is an arboreal species, native of South America. Among its main features, the wood properties, ornamental qualities and leaf extracts should be included. In the case of endangered native species, it becomes necessary to undertake studies directed to preserve the species, facilitating their use and spread on rehabilitation and reforestation areas. Thus, considering that the main spreading way of purple ipê is carried by seeds and that forest seeds analysis methodologies are not well consolidated and normalized, the search for adequate methods of seed analysis assumes vital role for the success of forestry programs involving those species. Seed water absorption kinetics, in general, consists of three phases. The first one is identified as soaking, which is generated from the matric potential of cell contents and cell walls. It occurs in dormant, non-dormant, viable and non-viable seeds. The second phase also occurs with all seeds. However, the third phase, which is associated with root protrusion, occurs only with viable seeds [17] . Seed water content is related to the intensity of metabolic processes, which, in turn, affects the temporal variation at the points of laser incidence in biospeckle test, as noted by Rodrigues et al. [18] . It is equivalent to state that the biological material moisture is related to MI values. Rodrigues et al. [18] used biospeckle techniques to differentiate living tissues of bean seeds from dead tissues by means of freezing water. The results showed that for the same water content, it is possible to differentiate living seeds from seeds having reduced potential due to the formation of water crystals. According to Nobre et al. [11] , the MI value characterizes the activity by assigning a number to its state. The authors evaluated the spectral components of the STS by means of the MI, as well as the entropy expressed through wavelet and cross-spectrum analysis. Based on what was exposed, the objective of this study was to determine the optimum moisture content of purple ipê seeds for biospeckle tests.
Material and Methods
Places, Sample Acquisition and Equipment Employed
Biospeckle, seed viability and vigor tests were experimental setup for optical tests included: a 632 nm wavelength (red) and 10 mW diode laser as a light source, a digital camera with an image acquisition rate of 60 Hz, a personal computer with a Quad Core processor and 4 GB of random access memory (RAM) with software for image processing, namely SUPER© version 2012.bld.54 in order to break the videos into frames and ImageJ version 1.47q [19] to process the images and to obtain the MI, statistical software Sisvar version 5.3 [20] and R version 3.0.0 [21] .
Sample Preparation
In order to characterize the adequate moisture content range for optimum interaction between the laser and seeds, a sample of 100 seeds were immersed in water with plastic bags for 24 h to increase the seeds' moisture. Then, four subsamples were obtained and forwarded to four treatments, as follows: T1-25 seeds with teguments removed, T2-25 seeds with tegument preserved, T3-25 seeds with tegument removed and subjected to a low temperature with a freezer (0 °C) for 12 h and T4-25 seeds with tegument and also subjected to 0 °C for 12 h. The initial moisture content of subsamples was measured in an oven at 130 ± 3 °C for 2 h [22] , and from that value, the other moisture content values were obtained by weighing the samples on precision scales at intervals of 3 h.
Optical Tests
To expose the seeds to the laser for the optical test, they were fixed in an acrylic container. The container was weighed before and after the seeds were fixed in order to determine the seeds' moisture content. The seeds from treatments 1, 2, 3 and 4 have undergone the same experimental procedures in optical testing. After the lighting, the images were processed to obtain the MI values for each seed at five different moisture levels (28%, 35%, 54%, 63% and 69%).
The seeds were illuminated by the laser in random order, which was obtained through a previous draw.
During the lighting, 10 s films were made for each seed in each treatment. Fig. 1 illustrates the experimental configuration adopted in the tests with biospeckle laser. The angle of incidence of light was about 45 degrees.
For the biospeckle test, 512 successive video frames of 640 × 480 pixels were captured for each seed and forwarded for image processing, including the color conversion to 8 bits with 256 levels of gray. Then, MI values were generated through the ImageJ software.
The Experimental Design
A randomized design was adopted with 25 replications in a 4 × 5 factorial with the four treatments and five moisture levels. The results were subjected to analysis of variance by F test and the averages were compared by Tukey test at 5% probability, using the program Sisvar 5.3.
The adopted response variables were identified as MI values. Table 1 shows the details of the statistical factors as well as the factor levels used in this experiment.
Results and Discussion
Analysis of variance of the MI values obtained from the seeds of Handroanthus heptaphyllus showed a significant difference between seeds with teguments and seeds without tegument, and seeds subjected to freezing and seeds not subject to freezing for the variable MI. The MI values showed to be efficient in differentiating the four treatments, except for the humidity level of 69%, in which T3 and T4 had statistically identical averages, as shown on Fig. 2 . Fig. 2 Average MI values for each studied moisture treatment. T1: seeds without tegument; T2: seed with tegument; T3: seeds without tegument and subjected to freezing at 0 °C; T4: seed with tegument and subjected to freezing at 0 °C. Averages followed by the same letter and number within each moisture do not significantly differ by Tukey test at 5% probability.
Determination of the Optimum Moisture Content of Purple Ipê (Handroanthus heptaphyllus) Seeds for Biospeckle Tests
For all the moisture content (28%, 35%, 54%, 63%, and 69%), T1 presented the highest MI values. It is due to the fact that in those samples, the seed endosperm was observed with biospeckle. The endosperm is a reserve tissue, and when it is hydrated, cell multiplication, cellular respiration, mitochondria and chloroplasts activation, and protein synthesis occur. A decrease of starch content also occurs in order to provide energy for the seedling development. All of those reactions represent movements in the cytoplasm, which are recorded by biospeckle and provide a higher quantification of MI than the one recorded by lighting the seeds with tegument. On the other hand, in T2 where the seeds were observed with tegument, those samples showed lower MI values than T1, because the tegument is not a living tissue. In the teguments, organelle movement or cell multiplication do not occur. The tegument cells are basically formed with lignin, which is an important structural material constituted by organic polymer. It also influences the biospeckle response. T3 and T4 showed lower MI values due to the fact that the seeds Table 2 . The significance level (α) and coefficient of variation (CV) indicate that the most appropriate seed moisture range falls between 28% and 54% for the biospeckle test to be carried out. Higher moisture content may have influenced the MI values, resulting in higher CV. It is due to the fact of water evaporation occurring in samples with high moisture content. A gradient of vapor pressure between the environment relative humidity and the seed sample occurs, leading to water evaporation.
The obtained information is of fundamental importance for improving the efficiency of the application of the biospeckle technique on ipê seeds, since they indicate the optimum moisture content to carry out the tests. MI values were found to be a function of the moisture content, as reported by Rodrigues et al. [18] . The higher is the moisture, the higher is the MI values. In Fig. 3 , the average MI values are represented on the ordinate, and the moisture levels are represented on the abscissa for each assessed treatment.
The correlation between the MI and the moisture content values was carried by means of the linear model function in software R. It was possible to adjust a linear model between moisture and MI values for each of the treatments until the moisture content of 63%. After that, it was done through the analysis of variance and Pearson's test to assess the significance of the correlation.
The correlation between moisture content and MI values for each treatment, level of significance, R 2 value, P value, as well as the regression line equation are displayed on Table 3 . 13.82 (a1) T1: seeds without tegument; T2: seed with tegument; T3: seeds without tegument and subjected to freezing at 0 °C; T4: seed with tegument and subjected to freezing at 0 °C; MSD: minimum significant difference; CV: coefficient of variation. Averages followed by the same letter and number within each seed moisture content do not differ by Tukey test at 5% probability. In the regression equations, y stands for moisture content, while x stands for MI values. The higher R 2 value associated to T4 indicates good linear adjustment between MI and seed moisture content. It can be noted through the value of R 2 (coefficient of determination) that for T4 where the seeds were with tegument subjected to freezing at temperatures of 0 °C, the correlation between MI values and seed moisture content obtained experimentally was closer to the linear adjustment proposed by the mathematical model. The correlation coefficient between the observed responses and those predicted by the model was also higher for T4 (0.9767). The lowest value was obtained for T1 (0.9305), in which the seeds without tegument.
A positive linear correlation between MI values and the values of ipê seeds' moisture content was obtained, as shown on Table 3 . The water content is directly related to MI values, which are in close agreement with the results reported by Rodrigues et al. [23] . However, the linear and positive correlation was observed on values of moisture content up to 63%. From this value, seed moisture content exhibited nonlinear behavior. The CV associated to agricultural experiments are classified as low if they are under 10%, medium when they fall between 10% and 20%, high when they are included between 20% and 30%, and very high when they are above 30%. Research work performed on biospeckle tests has shown that CV was relatively high when compared with traditional agricultural experiments, as can be seen in the report by Braga et al. [1] , where the obtained CV was 21.99%. Observing the statistical results presented on Table 2 , it can be concluded that, in this experimental work, higher CV (25.86%) were only found for seed moisture content of 69%.
Conclusions
From this study, it can be concluded that the most suitable moisture content for laser and purple ipê seed interaction falls between 28% and 54%. There was a positive correlation between moisture content and MI values for seed moisture content of up to 63%. This information is important for future research with biological tissue assessment with the biospeckle technique and its application on ipê seeds, since they indicate the optimum moisture content for the tests to be carried out.
Similar tests can be done with different species in order to determine the optimum moisture content for performing the biospeckle tests. Also, other methods of obtaining information through biospeckle should be tested, in order to obtain lower CV, like absolute value of differences (AVD), the modifications in MI and cross-correlation coefficient. In future work, an automatic test can be developed to assess seeds based on biospeckle, which consists of a low cost, non-invasive and non-destructive technique.
